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A FIVE-YEAR STUDY OF THE STRIPED BASS 
FISHERY OF MARYLAND, BASED ON 
ANALYSES OF THE SCALES * 
RICHARD E. TILLER ** 
The striped bass, or rock as the species is called in th'e Clhesapeake 
area, ranks high in value an'd volume among the comme~icially im- 
portant fish taken in Maryland waters antd, in addition, its highly 
prized as a game fish by sportsmen. Interest in the marked fluctua- 
tions characteristic of the species stimulated this investigation begun 
in October, 1941 under the joint sponsol'ship of the University of 
Maryland Graduat'e School an,d the Fish and Wild,life Service. The 
study was continued o,n that basis until 1943 when I joine'd the staff 
of the Marylanld Departmlenlt of Research and Education. From 1943 
until 1947 the investigation was conducted under the auspices of that 
organization. 
My investigation was designed as a gener'al study, presenting simply 
a description of the fishery, an outline of techniques of investigation, 
and a recommendation of further study required. I collected and 
analyzed scales frojm fish of the 1940, 194 1, 1942, 1943, and 1944 broods 
of striped bass to determine the rate of growth, contribution to the 
coimmer,cial catches, the rate of utilization of successive year .classes of 
striped bass and the possibility of using the scales as an index of origin 
for th'e Atlantic stocks of striped bass. 
* The data used in this paper were presented in thesis form a t  the 
University of Maryland in partial fulfillment of the requirements for the 
degree of Doctor of Philosophy in- 1947. 
** Formerly Biologist 11, Fishe~ies, in the Chesapeake Biological Laborla- 
tory, now Fishery Research Biologist, U.  S. Department of the Interior, 
Fish and Wildlife Service. 
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T H E  MARYLAND STRIPED BASS FISHERY 
Striped bass are taken during the entire year in Maryland waters, 
with seasonal peaks of abundance in the late fall and spring months. 
The  gear used in this fishery varies with the season, and to a lesser 
extent with the area fished. Pound nets which operate in the Bay and 
larger rivers during the spring, summer, and fall account for the 
greater p0rti0n of the catch. Gill nets, drifted or anchored in the 
Bay and larger rivers during the winter and early spring or fished as 
stake nets on  or near the spawning grounds in the spring, are next 
in production. Lowest in value of the larger commercial gears are 
the haul seines, fished principally during the spring and summer. Fyke 
nets, typically used in thle upper regions of rivers for perch and catfish, 
make only a relatively small seasonal contribution to the total catch 
of rock. The  table following (Table I) was obtained from records 
compilled by the Maryland Department of Research and Education, 
and presents thle most recent availab'le (data on the catch by gear of 
this species. 
TABLE I 
MARYLAND STRIPED BASS CATCH BY GEAR FOR 1944 AND 1945. CHESAPEAKE 
BAY AND TRIBUTARIES ONLY, ATLANTIC OCEAN CATCH NOT INCLUDED 
GILL NETS HAUL FYKE 
POUND NETS Drift Anchor Stake SEINES NETS TOTAL 
YEAR (Lbs) (Lbs) (Lbs) (Lbs) (Lbs) (Lbs) (Lbs) 
1944 768.595 522,115 86,622 689,583 502,888 6,315 2,576,118 
1945 565,538 196,521 42,460 483,303 186,324 5,709 1,479,855 
Records compiled by the U. S. Bureau of Fisheries covering the 
period from 1887 to 1942 (Table 11) show marked variations in the 
abundance of striped bass taken in Maryland. A co,mpleae series for 
every year 'during that time is not available, but the following table 
presents the total catch for all years in which statistics wsere collected. 
TABLE. I1 
YEAR 
1887 
1888 
1890 
1891 
1897 
1901 
1904 
1908 
TOTAL CATCH OF STRIPED BASS IN MARYLAND FOR 
VARJOUS YEARS FROM 1887 TO 1942 
POUNDS YEAR POUNDS YEAR POUNDS 
1,140,000 1920 1,040,000 1935 927,700 
1,123,000 1925 1,414,000 1936 1,864,100 
1,366,000 1929 1,291,695 1937 2,011,300 
1,265,000 1930 1,227,990 1938 1,714,400 
935,000 1931 634,909 1939 1,728,500 
824,000 1932 433,811 1940 1,180,100 
721,000 1933 313,795 - 1941 1,223,300 
640,000 1934 332,700 1942 2,507,800 
According to these statistics, Maryland produced in 1940 approxi- 
mately 40% of thle total catch of rock in the United States. Although 
concluslivc proof from tagging is still lacking, there is strong evidence 
that the Clhesapeake Bay is the point of origin fo'r most oE the striped 
bass found along the Middle and North Atlantic Coast. On thle basis 
of tagging expetrimen ts during 1936, Vladykov and Wallalce (1 937) 
state that only a very small number of the Chesapeake rock leave the 
Bay or albout 2.5% of the total recaptures frolm over 1,500 tagged fish. 
It is, howevler, interesting to note that in 1934 and in 1940 dominant 
broods of rock were produced and these "bumper cro~ps" were easily 
traced up the coast during the early spring months following their 
first appearanoe in the Chesapeake catches. Merriman's work on the 
1934 broold revealed that scales from northern catches had about the 
same values 'for the width of the first and second growth zones as scales 
from that same year class taken in the Chesapeake area. 
METHODS 
T o  minimize variations due to environmental or physiological pecu- 
liarities which might alter the scale pattern of populati~ons frolm 
different areas uniform procedures were used in every collection. All 
specimens for a single sample were taken from the same area on the 
same day, and successive sa,mples were made from the same nets when- 
ever possible. 
The areas selected for c~ll~ection of thle samples for this study were 
#two representative centers of pound net operations, one at Galesville, 
Maryland, 'and the other at Flag Ponld, nlear Lusby, Maryland. All 
samples were taken at randtom from the catcl~es, usually during the 
return trip from the nets, although some collections were made as the 
fish were landed, before they were sorted according to size. 
The scales were removed from the fish with forceps, and placed in 
small envelopes on which the length of the fish, the body area from 
which the scales wlere taken, and any other necessary data were recor'ded. 
All specimens were measured from the snout to the fork sf the tail, 
using a measuring board equipped with an offset scale divided into 
half-centimeter units. 
Two problems became evident in the early phases of the study; first, 
the selection of a fishing gear which woal~d be least selective in the 
size olf fish taken, and which would therefore present a more uniform - 
cross-section olf the toltal population; and second, the selcction of the 
most reliable body area for th'e coll~ectioa of scale samples. 
A brief discussion of the four major types of commercial gear used 
in Marylanfd was included in the introiductory sectiton, together with 
a table (Table I) indicating #the contribultion of each to the total catch 
of striped bass in thle state. In addition to exceeding all other indi- 
vildual types of gear in total production, pound nets have certain other 
advantages which make lthem a desirable source Prom which to obtain 
the moat typical samples of a fish population. The regularity char- 
acteristic of pound net operations is a highly important factor in their 
favor. Lifted daily, except in exceptionally bad weathjer, pounds fish 
the same waters in the sarrie way thi-ougholut the entire fishing season. 
Under favorable conditions thle pound net season may run froin March 
through November, with only a short midsummer break in operations. 
The previ~usly~menti~oned table shows stake gill nets to be second in 
total production of striped bass, but this gear, and also drifit and anchor 
gill nets, exerts very definite size selectivity, for th'e mesh size captures 
only fish falling within a relatively narrow size range. Stake nets, and 
all other types of gill netting, are fished only during the winter and 
spring, and their operations are necessarily irregular-. Drift nets are 
the most irregular of this class of gear, since they characteristically 
work from one arlea to another, following the movements of the fish. 
The last of the colmme~cial gears to be considered is the haul seine. 
This type of net might wlell be termed a gear of "feast or famine." 
Seine operations are usually limited to the late spring, summer, and 
fall months, and like (drift nets, characteristically follow the fish. Days 
01- weeks may pass withouft a catch, or several tons may be landed in 
a single halul. Although less selective in operation than gill nets, haul 
seines occasionally make almost pure catches firom a single' year class, 
particularly when fished in rivers. Table I11 presents an age com- 
position analysis of samples made from various types of cominercial 
gear outside of the Galesville and Flag Pond areas on which this study 
is based. 
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T o  determine the comparative reliability of scales from different 
body areas, preliminary studies were conlducted which indicated that 
scales from the region used by M'erriman and by Scofield in their studies 
gave values for calculated length which approached very closely the 
average of the values from extreme bo.dy areas. 
'Ihe original formula is given as: 
Where s, = length of scale to annulus year,, 
S = total scale length, 
1, = body length at end of year,, and 
L = body length when captured. 
This formula was used in a somewhat more convenient forin of: 
These calculations showed that the short, broad scalles of the anterio- 
dorsal region gave consistently lower values than the regular, sym- 
metrical scales of the middle body area, and the large, long scales of 
the ventral region yielded values which were consistently higher. The  
variation in calculated length was therefore detmmined tlo be a func- 
tion of scale size. Table IV, prepared from cal~c~lation~s made on the 
89 fish used in the preliminary study, indicates this fact. Three body 
areas were selected and designated as areas A, B, and C .  Area A 
was locatred very 'high ton the body, between the bases of the spiny and 
soft dorsal fins, at the extreme point where reasonably symmetrical 
scales can be found. Area B (used ,by Merriman and by Scofield), 
was bocated on the second and third row above the llateral line, between 
the dorsal fins, and yielded the 'most symmetrical scales. Area C was 
located very low on the body, one.row below the lateral h e .  The  
scales were very llarge and noticeably longer than those of the mid-body 
region. 
ANALYSIS OF DATA 
RATE OF GROWTH 
The growth of rock, as indicated from length frequencies of the age 
classes observed in this study, appears to be highly variable (Table V) . 
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,4lthough samples were obtained from ithe least selective of fishing 
gears, and in eveiy case were taken at random from unsorted catches, 
occasional values from mean length occurred which were quite dif- 
ferent from the expected values. In some instances, the crrmposition 
of the catch was such that only a very few samples from certain broods 
were obtained. 
TABLE I V  
AREA "A'' 
Body Length (cm/2) 
49-53 
54-56 
57-59 
60-62 
63-65 
66-69 
AREA "B" 
AREA "c" 
(mm./OO) 
Total Soale Radius 
243 
271 
282 
313 
303 
334 
Average Calc. 
Length 
18 
2 1 
2 1 
.2 1 
26 
29 ' 
49-53 284 
54-56 315 
57-59 325 
60-62 350 
63-65 355 
66-69 377 
49-53 312 
54-56 332 
57-59 337 
60-62 371 
63-65 379 
66-69 409 
Average increase in calculated length 
Between A & B - 1.14 cn1/2 
Between B & C - 2.01 cm/2 
The occasional discrepancies in the length frequencies of samples 
from Galesville and Flag Pond area might at first be taken as evidence 
of sub-populations in the Chesapeake Bay, but statistical analysis of 
the data fails to substantiate such an int'erpretation. Wlhile bass from 
Flag Pond did gro'w significantly larger in 1940 than those fi-on1 the 
Gale~vill~e area, in the 1941 and 1942 year class, the bass from Flag 
Pond were actually smaller, c~nti-a~dicting any indication of "sub- 
populations" based on growth analysis. 
Several interesting facts are indicated in Table V and Figure 1. 
First, a close lagreement is seen in the size of all yexr classes at the time 
of their entry into the Lcomercial catches. The  1940 and 1941 broods 
tend to be slightly faster i~ their rate of growth, and show sligl~tly 
higher values for corresponding intervals of time. This (tendency is 
not, however, clearly defined in all instances. Trend lines were pre- 
pa3ed showing the growth rate of the four year classess un'der observa- 
tion, using the method of least squares. The slight variation in the 
slope (Figu1-e 1) indicates the sl'ight degree of variation in the gowth 
rate of the four broods after their entrance into the commercial fishery. 
120- 
I 
1 FIGURE 1. Rate of GrolWh of Sitriped Bass, Based on Length Frequencies 
of Four Suecessive Year Classes in '+he Chesapeake Bay. 
-'%'he possibility of using scale analyses as an index to origin of the 
stocks of striped bass of the Middle ~ t l a n t i c  Coast was state'd as one 
of the objectives of this study. Tjhe intl-odulctory section summarized 
the conciwsions derived from extensive tagging experiments conducted 
by Vladykov and Wallace (1937), and indicated the existence of a 
coincidence in size frequencies betwleen Chesapeake and coastal runs 
of bass folbowing the appearance of a dominant year class in the Cl~esa- 
peake Bay. Body length measurements and scale readings for samples 
were obtained from the Galesville and Flag Pond areas of Chesapeake 
Bay in March and June, 1942, and from Great South Bay and Montauk 
Long Island, New York, during the )months of May and June, 1942. 
All samplles used were from the 1940 brood of rock, whi& had appeared 
in great abundance in the Chesapeake catches during the preceding 
Fall. The  ,mean values for body length and calculated length wore 
determined lor all of the Chesapeake saniples, and for a significant 
number of tbe Long Island samples. A very close agreement was 
observed in total body length bletween the two series collected in the 
latter area, and in view of  the proximity of (the two localities from 
which thle samples were obtained. Lengt~h calculations were made 
only for the Montauk c~lle~ction. Table VI presents these data, and 
indicates the close coincidence in body length and caloulated length 
between the northern fish and those collected i n  the Galesville area 
of the Chesapeake Bay. A1,though the calculated mean body lengths 
for the Flag Pond colbecti~on is greater than the Galesville sample, 
the difference is not sufficiently <great to  be statistically significant. 
(t = 1.2 153; d. f. = 422; P > 0.20) . These data are presented gaph i -  
cally in Figure 2, which shows the striking similarity in percentage 
frequencies for the two areas. 
. TABLE VI 
COMPARISON OF GROWTH DATA OBTAINED FROM CHESAPEAKE 
AND NORTHERN COLLECTIONS O F  STRIPED BASS OF 
THE 1940 YEAR CLASS 
Mean Calc. 
Date Mean Body Leng-th-end 
(Month) Length of firs* Number of 
Area I 942 (cm/2) year (cm/2) Samples 
Flag Pond March 57.7 23.9 36 
Galesville June 56.4 18.0 388 
Great So. Bay May 56.7 I90 
Montauk May 53.5 18.0 91 
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The marked fluctuations in abundai~ce characteristic 01 the sti-ipccl 
bass were discussed in my introductory discussion of the fishery. Occa- 
sionally, extremely successful spawning has resulted in the produotion 
of what is termed a ''dominant year class," so called because its mem. 
bers dominate thle commercial catches fur several reasons. A "bumper 
. 
crop" 01 this type occurred in 1940. Tables VI1, VIII, IX, and X sho~i  
15 - CALCULATED LFNGTH 
F I R S T  YEAR 
TOTAL LENGTH 
Irr 
4 l- 5 15- CALCULATED LENGTH TOTAL LENGTH 
U FIRST YEAR 
f5 GALESVILLE 
- FLAG POND 
FIGURE 2. Percentage Frequencies of Calculated Length a t  the End of 
First Year and Total Body Length a t  Time of Capture, Determined 
from Chesapeake Bay and Atlantic Ocean Catches. 
the appearance of the 1940, 47, and 42 ancl 43 broods in the com- 
mercial pound net catches of Maryland waters, and their rate of 
utilization. Table 111, referrled to previously in the secti'on devotecl 
to the selection of a reliable gear for sampling, presents the age com- 
position of collections from various other types of gears and other 
areas. Figure 3 is a graphical representation of the material incluclecl 
1940 BROOD 
100 - 1941 BROOD 
; 20- 
m 
3 
I<X) - 1942 BROOD 
& 
1 0 0 -  
19q BROOD 
FIGURE 3. Age Composition of Pound Net Catches from Flag Pond and " 
GalesvilIe Areas of Chesapeake Bay, October, 1941 to November, 1945. 
in  the first four tables listed above, and shows clearly the variation in 
size of succeeding year classes. 
The  1940 brood, which entered the fishery in the fall of 1941 as 
ten (to eleven inich yearlings, survived to dominate the catch during 
1942 and 1943, and made u p  a significant part of the catch during 
1944 and 1945. The  1941 year class showed a typical variation in 
the succesls of spawning, and remained consistently low frolm the time 
it appeared in the fall of 1942, until it had virtually disappeared in 
1945. Only once during the four years in which the members of this 
brood appeared in  the samples did they comprise more than 20 per cent 
of the total catch. The  1942 brood again showed the marked fluctua- 
tion rharacteristic of this species, and although not as large as the 
1940 group, made a con5iderable contribution during the fall of 1943 
and the 'entire year of 1944. A sharp drop, indicating nearly complete 
utilization of the brood, olccurred in 1945. Only a relatively few 
samples were obtained for the 1943 year class, but they indicated rela- 
tively successlul spawning, considerably better than the 194 1 broIod, 
and nearly on a par wilth the 1942 year cllass. 
T h e  reason for these fluctuations in abundanlre, characterized by 
the occasional appearance of dominant broods, has been the subject 
of much study by fishery biologists. Merriman (1941) found agree- 
ment between the production ol such brolods, and below-mean tern- 
peratures preceding and following the spawning season. Data indi- 
calting $the deviations from normal in air temperature and precipitation 
are summarized i n  Table XI. These figures were obtained from the 
records of the U. S. Weather Service station at  Solomons, Maryland, 
and frotin the Maryland-Delaware area reports. Water temperature 
records in the Solomons area are not of sufficiently long duration to 
establish a reliable (mean, but on the basis o l  a seven-year average, 
the trencls were as follows: 
 yea^ April !May June 
1940 cool cool cool 
1941 warm warm average 
1942 warm warm aver age 
1943 cool aver age warm 
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Salinity variations were also onsideued, and on the basis oi short 
tcrm records from the Solomons area, the var,iations in salinity from 
the mean are as f~~llows: 
Year April May June 
1940 :ow low average 
1941 high high high 
1942 high high average 
1943 low low low 
Water temperatures and salinity values at Solomons appear to be 
sornewlhat influenced by weathey c~nlditi~ons, but in the shallower areas 
of the spawning grounlds, watler cofnditions might )be expected to 
follow the weather morie closely. 
The low air temperature olbtained from both the Soloimons and 
Marylan'd-Delaware records corresponds very well with the appe~arance 
of the domi'nant 1940 brood of rock. Sub-normal temperatures are 
indicated for April and May in both sets of relco~ds, and vallues which 
were oaly slightly above normal were obtained for thle month of June. 
T ~ h e  water temperature records fro'm the Solomons (area give even a 
better corrielation, and tend to support Merriman's hypothesis men- 
tioned in the preceding paragraph. T h e  very markedly sub-normal 
production in 1941 further supports this idea. Both air and water 
tempe~rature records show above noamal values for April and May, 
and almost exalctly average values ,for June. There is, however, some 
co~ntradiction in the more successful spawning which occurred in 1942 
and 1943. Although neither of these two broods was large enough 
to be considered dominant, both were very considerably larger than 
the 1941 lblrood, and both made major Icontributions #to the commercial 
catches. With the exceptioln of the air and water temperatlure values 
obtained for the month of April, 1943, average or above-average 
temper'atures were 'obtained .in all ins'tances. 
A factor not considered #by Merriman in his ,investigations is the 
possible effect of salinity variations on the success of spawning. 
Abnormally high or low precipitation during the spawning season 
could unquestionably cause salinity variations in the shallow waters 
of thle spawning grounds. Heavy rainfall, and correspondingly low 
salinity values are indicate,d for the months of April and May, 1940, 
in the Solomon's area, and average values for June. A correlation 
supporting the possible importance of salinity fluctuations appears in 
the 1941 data. In  April, May, and June, 1941, the salinity values 
were all above normal. Again, however, the relatively successful 
spawning in 1942 and 1943, is slomewhat contradictory. Botlh of these 
seasons were al~mosts equally productive, yet conditions olf salinity were 
almost exactly opposite. 
I 
DISCUSSION 
P 
Me'rlrimafn, frolm analyses of Connecticut collections (1941) , found 
that the membfers of the d~smin~ant year )class of stripe'd bass of 1934 
were consistently smaller than the fish of thle 1933 or 1935 year classes. 
His observations also indicated that this below-average length was 
(developed befo~e the fish became two years ol'd. Thle,se facts would 
tend to support the idea of colmpetition, an idea which has been 
advanced by investigators studying tzhe dominant year class phe- 
nomenon in othel- species. Jiensen (1932) in the colurse of studies on 
the plaice (Pleuronectes platessa) of the North Sea found that re- 
tarded growth was characteristic of dominant year lclassles in that 
species. He advance'd the theory of competition for Ifoold among fish 
of rhe same size gr~oup as a possib1.e exp1,anation of the growth effect. 
Definite lmnclusions regarding 'con trolling factors in growth can not 
be drawn from the data included in this study. Theoretically, on the 
basis of conlpetition, the 1941 broo'd should have a>chieved much 
greater growth than tahe 1940 fish, and ;botrh the 1942 and 1943 classes 
shoulld have been ,in closer lcoincidence with the 1940 brood. However, 
it is of some interest to note bh<at although the length calculat~ed from 
samples taken at Flag Pon'd in June 1942 had a preponderance of 
small individuals (though not attaining a significant deviation from 
normality 'with GI = 0.17998 and Gz = -0.66'726) , the sample frolm the 
Galesvillle area was ~~ignificantly skewed and kurtotic (GI = 1.05648; 
G2 = 0.53472; P = l%, d. f. = oo) . This indicates that the codlection 
from Galesville consisted of a large number of below-average size fish; 
a situation frequently found where competition results in a stunted 
population. 
Dlata on thle relative abundance in the Chesapeake area of plankton 
and slmall forage fish which constitute t<he food of young rock is un- 
fortunately not available, and until sulch information is obtained, only 
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,flypothetical conclusions can be draw11 in regara to the importarlce of 
food cainpetitiorl as a controlling factol- in growth rate. 
EVIDENCE OF CHESAPEAKE ORIGIN OF ATLANTIC STOCKS OF STRIPED B.4~5 
Several facts indicate rather conclusively a northward migration of 
rock from the Chesapeake Bay: : 
(I) A lcoincidence of dominant year classes between the northern 
waters and Chesapeake Bay. 
(2) An absence in northern waters of sufficient juvenile and year- 
ling fish to account for tlhe volume of the catchles. 
(3) T,he appearance of two-year-old bass in northern catches in the 
spring following their appearance as yearlings in the Chesa- 
peake during the fall. 
A tagging experiment giving conclusive returns from outside the Bay 
would be the only mlethod by which this hypothesis scoul,d be paved. 
Merriman's study included a comparison of the wicdth of the growth 
zones of scales of striped bass taken in three northern lareas, and in 
the northern and southern regions of Chesapeake Bay. All had 
markedly similar first growth zones, lbut since his sa,mples included 
fish having three anid four growth zones on the scales, there was a 
possibility that the Cihesapeake collections might have (been composed 
of migrants Erom the outsisde. It  has already been indicat,ed that 
migrant frock apparently leave the Bay when two-year-olds, and a 
collection of fo~ur-year-old fish might well contain individuals entering 
from other areas, as well as returning Chesapeake populations. 
The wide variations in abundance of striped bass in succeeding 
seasons is not restricted to the populations od the Cjhesapeake Bay. 
Merriman (1941) and Sc~fi~eld (1931) working with the striped bass 
of the Atlanltic and Pacifilc coasts, respectively, found marked variations 
~haracteristi~c lo£ the year classes which bhey investigated. 
Dominant year classes apparently occur with little relation to the 
parental stolck. Thle 1934 brcmcl was Ithe largest to be produced on 
the Atlantilc coast during t;h eepniold for which cat'ch records are avail- 
able, althlough in that year the brood reserve was unusually low. The 
1940 brood, under discusslion in this study, although not as large as 
the 1934 class, was certainly a dominant one, and also arose from a 
small parental stock. 
The data presented in the pre'ceding section do not wholly support 
the hypothesis of Merrimfan, which showeid a possible irelationship 
between low temperatures and the production of do'minantt broods. 
The  fact that such broods were producetd in only 5 of 18 years in which 
sub-no8mal temperatures occurred, indicates that the role of llow tem- 
perature is a qu~estiona~ble one. It is true that the dmominant brood 
of 1940 was produced during a season of below-mean tempematures, 
but the very insignificant 1941 year class ha'd exactly opposite con- 
ditions. The  more successful broods produced in 1942 and 1943, under 
similar conlditions to those which obtained for the 1941 group, tend 
to con~tradict Merriman's hypotlhesis. A correlation between low 
salinity and the production of the 1940 year class seemed to -be indi- 
czte'd, and lconsistently high salinity values were observed for the 1941. 
spawning season. Again, however, thle more productive spawning of 
1948 and 1943 were contradictory. There might well be other envima- 
mental factors that .play an important part in the production of 
dominant year classes. 
No definite conclu~io~ns can be drawn from the available data 
regarding the importance of these two factors in question, although 
there, is strong evidence of correlation. Th'e probable solution may 
be fiound in a complex of bhese and othelr factors. Temperature and 
rainfall, with the accompanying variations in salinity, turbidity and 
current, influence the planktonic populations which provilde fool- for 
the juvenile fish. The  problem may therefore be not only one of 
spawning and hatching of larval )bass, but also one of competition and 
survival among juveniles. 
A number of factors must be taken into consideration in evaluating 
the application of scale analyses to the striped bass fishery of Maryland. 
Tlhe problem of gear selectivity has 'already been dealt with, and it 
has been shown that an accurate picture of the population can best 
be approached from pound net samples. Only this type s f  gear com- 
bines regularity of operation, fixed location, long fishing season and 
minimum size selectivity. Samples from other types of gear are imegu- 
lar in interval and locality of operation, and all exert size selectivity 
to a greater or lesser degree. The  variation in size between male and 
female striped bass might also cause a sex selectivity to result from 
. sampling with (these types of gear. Samples frocm other gears than 
pound nets afford valuable supplementary data, but cannot be regarded 
as representative in bhe composition of their catlches. 
In addition to this easily recognized gear selectivity hhere is indica- 
tion of a seasonal s~electivity which must be onidel-ed. During August 
and September, 1943, 560 samples were taken from the same nets, the 
collections in every case being made entirely at 'random. A mark'ed 
decrease was observed in the percentage of 1940 fish. This brood, 
which during the preceding spring had Icompri~~ed approximately 75% 
of the catch by numbers, dropped in one case to as little as 3% of the 
catch, averaging only about 197, of the catch for the period. In March, 
1944, the percentage of 1940 fish rose again (to 60%, then dropped 
during the summer months, and rose again (during thle fo~llowing 
winter and spring. Each successive peak was lower t'han the preceding 
one, indilcating a gradual utilization of the brood. Tlhle seasonal 
delcreases during the summer months did not occur until the third 
year of life, when the fish had reached an average weight of approxi- 
mately two pounds. I t  is common knowledge that striped bass simply 
do not trap as readily during the summler months as in ehe col'der 
months of fall ansd winter. Commercial fishermen firmly maintain 
I that "big rock won't trap," and as a seasonal phenomenon this is 
unquestionably true. The larger fish are undeniably later in making 
their appearance in the fall pound n'et catches. 
Haul seines and han'd lines took a som~ewlhat greater percentage of 
the larger fish (1940 brood) \tlhan did the pounld nets during the sum- 
mer and fall months of 1943. A satisfactory explanation for this ten- 
dency is not available. If water temperature were con~ide~r~ed the con- 
trolling factor, on the hypothesis that the fish sought deeper, cooler 
wat'er during the summer, the haul seine and hanld-line catches made 
inslhore of pound nets, in men shallower water, would be contradictory. 
If food were advanced as an explanation, the catches of these two types 
of gealr would again be difficult to explain. 
The  value of scale analyses in following the trends of fishing in- 
tensity in the striped bass fishery of Maryland can readily be seen. 
The State's rlock fishery is prosecuted in what may well ble termed a 
nuirsery area. Adult fifsh enter the rivers of Marylanld to spawn, and 
the young remain in those rivers and in the waters of the Chesapeake 
Bay for at least two years before even a portion of them begin seaward 
migrations. The fishlery is therefore supported to a considerable extent 
by small fish. In some years, as inldicateld by (the age-composition tables 
included in the preceding section, nearly all of the catch is composed 
of yearling rock, about eleven inches in llength, and weighing appsoxi- 
mately one-half pound. Those surviving the first year in the fishery 
rea'ch the "medium" market classification the following year, and 
during the third or fourtih year b e m e  "large" rock. Male fish may 
spawn at ltwo year of age, but females are typically four or five years 
olld when they first spawn. The value of scale analyses in determining 
the brood stock of a population, and th'e rate of utilization of succes- 
sive year classes is obvious. Data of this type, supplemented by accurate 
statistical ~ e c o ~ d s  of the catch, yields valuable information for the 
proper ladministration of conservation measlures. 
Possiblle inaccuracies characteristic of the scale methold have already 
been in'dicated, in the discussion of the existence of sub-populations 
of striped bass in Maryland waters. The scales certainly do not pro- 
vide an accurate index to origin of striped <blass, although correlations 
of lcalculated length valules indicate that a refinement of this method 
may offer possibilities. After five year odf age, ,the scales becotme difficult 
to read. The first annullus is often hard to distinguish, ,and false annuli 
are more frequently found than in the scales of younger fish. Re- 
generated scales are much more numerous on older fish tthan on younger 
ones, anld delcrease the usable number of samples in the collections. 
Only rarely, however, 'does 'a brolod survive the high fishing intensity 
in Maryland for m'ore than four yemars, and significant numbers of 
larger fish are sel~dom found in rommercia! catches. As a means of 
studying the normal (course of the Maryland striped bass fishery, ihe 
scale technique is unquestionably useful and valuable. 
CONCLUSIONS 
(1) Pound nets are the only type of gear employed in the Marylan,d 
fishery which combine regularity of operation, fixed location, long 
season, and minimum size selectivity, land therefore provide the 
most seliable source for obtaining repmresentative samples of the 
striped bass population. 
(2) Scales from extreme body areas, either high or low on the body, 
yield distorted values of calculated length. Scales from the middle 
region, on the second and third row above the lateral line at a 
point between the spinous and soft dorsal fins, give calculated 
values which closely approximate the averaged valtues of the ex- 
treme amas. %he variation is a function of scale size, smaller scales 
yielding lower values, and larger scales higher values for calculated 
length. 
(3) T h e  rate of growth, indicated by length frequencies of the age 
classes investigated, is variable. There is a close agreement in the 
size of the fish at the time of their entry into the fishery, and a 
degree of agreement is apparent among the rates of growth of 
successive year classes. Variations khich occurred were inde- 
pendent of the size of the year class, since dominant and sub- 
normal broods showed closely parallel rates of growth. 
(4) Marked fluctuations in the size of year classes ims characteristic of ' 
the striped bass, and o~casionally dominant broods arise with no 
apparent relation to the extent of parental stock. There is a 
possible correlation between the production of dlsminlant yeai- 
classes and bellow-mean temperatures preceding and following the 
spawning season. A correlation between the production od tthe 
dolminant brood of 1940 and low salinity during the spawning 
season is also apparen't, but contradictory dlaba in both cases ren- 
ders these correlations questionable. 
( 5 )  Seasonal selectivity of age classes occurs in the pound net fishery. 
During the summer months the percentage of large sttripe'd bass 
taken in )pound nets is not as high as in haul seine land hand-line 
catches. T~he  fact thalt the catches of these latter types of gear are 
often ,made in pounid nelt aTeas eliminates water temperature ancl 
food habits las possible causes for the selectivity. 
(6) Thickening off the scales with increasing age 'tends to olbscurle the 
first annulus, and make age detenmination more difficult, but u p  
to the fifth year ithe technique is accurate and reliable. The  
number of regenerated scales increases with age, but neither of 
these factors is of great consequence in the Mlaryland fishery since 
individual year classes, in significant numbers, ral-ely survive the 
high fishing intensity for more than four years. 
SELECTED BIBLIOGRAPHY 
CLARK, G. H., 1932. T h e  Str iped Bass  Supply  Past  axd Present. Calif. 
Fish and Game, Vol. 18, No. 4, pp. 297-298. 
CLARK, G. I-I., 1933. Fluctztations in the Abundance of Striped Bass  
(Roccus l ineatus) in California. Division of Fish and Game of Cali- 
fornia, Fish Bulletin No. 39, 20 pp., 7 figs. 
CRAIG, J. A. A n  Analysis o f  the Catch Statistics of the Striped Bass  
(Roccus l ineatus) Fishery  of California. Division of Fish and Game 
of California, Fish Bulletin No. 24, 43 pp., 22 figs. 
CREASER, Chas. W., 1926. T h e  S t ~ u c t u r e  and Growth o f  Fishes i n  
Relation to  the  Interpretations of their L i f e  History,  w i t h  Special 
Reference to  Sunf ish  (Eztpomotis gibbosus).  Univ. of Michigan, Ann 
Arbor, Mich. 
FOERSTlER, R. E., 1929. A n  Investigation of  the  Li fe  History and Propa- 
gation o f  the  Sockeye Sa,lmon (Oncorhyncus n s r k a )  a t  Cultus Lake. 
Contr. to) Canadian Biology and Fisheries, No. 1, 1929, 35 pp. 
GILBERT, Chas. H., 1913. Contributions to  the L i f e  History of Sockeye 
Salmon, No .  1 .  Repoh of the British Columbia Commissioner of 
Fisheries, pp. 53-77. 
GILBERT, Chas. H. and Willis R. Ric,h, 1927. Investigations Concerning 
the Red Salmon R u n s  to  the Karlv,k River ,  Alaska. Bulletin of the 
Bureau of Fisheries, Vol. 43, part  2, 69 pp., 34 figs. 
HILDEBRAND, S. F. and W. C. Schroeder, 1927. Fishes of Chesapeake 
Bay.  Bull. of (the U. S. Bur. of Fisheries, Vol. 43, par t  1, 388 pp. 
HILE, R., 1940. Age  and Growth of the Cisco, Leucicthys artedi Le  Suezdr, 
in the Lakes  of  the  Northeastern Highlands of Wisconsin. Bull. of 
the U. S. Bur. of Fi~~heries ,  Vmol. 48, pp. 211-317. 
HUBBS, Carl L., 1921. 4 n  Ecological S t u d y  of the L i f e  History of the  
Fresh-VL7ater Atherine Fish,  Labisdesthes sicculus. Ecology, Vol. 2, 
pp. 262-275. 
lIUrPBS, C. L. and Gerald P. Cooper., 1934. Age  and Growth of the Long- 
1 Eared and Green Sunfishes in Michigan. Mich. Acad. of Sci., Ar t s  
and Letters, Vol. 20, pp. 669-696. 
JENSEN,  A. J. C., 1932. T h e  E f e c t  of the  Plaice Fishery  on the Stock of  
Undersized Plaice and I t s  InfExence on the Yield of the Plaice Fishery  
I in the Nor th  Sea. Rapp. de Proc. Verb. les Reunions. (Counseil 
I Perm. Internationale pour L'Exploration de la  Mer) ,  Vol. 80. 
LEA, Einar, 1910. O n  the  Methods Used in the  Herring Investigations. 
Pub. de Circonstance, No. 53, pp. 8-23. 
1 LEA, Einar, 1911. A S t u d y  on  the Growth of Hern'ng. Pub. de Circon- 
stance, No. 53, pp. 35-48. 
LEA, Einar, 1913. Fuv-they s tud ies  Concerning Methods of Calculating 
Growth of Herri7zgs. Pub. (de Circanstance, No. 66, 36 pp. 
LEE,  Rosa M., 1912. A n  Investigation into the  Methods of Growth Detemzi- 
nation in Fishes. Pub. de Circonstance, No. 63, 34 pp. 1 McHUGH, J. L., 1942. Growth of the  Rocky Mountain White f ish .  Journal 
~ of the Fisheries Research Bolard of Canada, Vol. 5, No. 4, pp. 334-343. 
' MERRIMAN, D., 1441. Studies on  the  Striped Bass,  R o c m s  saxatalis, of 
the At lant ic  Coast. U. S. Fisih and Wildlife Service, Fishery Bulletin 
35, 77 pp., 36 figs. 
PEARSON, John C,, 1939. T h e  L i f e  History of the Striped Bass,  or Rock- 
fish, Roccus saxatalis ( W a l b a u m ) .  Bull. of the U. S. Bur. of Fisheries, 
Vol. 69, pp. 825-851, 26 figs. 
SCOFIELD, Eugene C., 1931. T h e  Sty-iped Bass  of California (Roccus  
lzneatus).  Div. of Fish and Game of California, Fish Bulletin No. 29, 
82 pp., 47 figs. 
2 9 
B 
T I L L E R ,  R .  E., 1943. Indications o f  Compensatory Growth in the  Striped 
Bass  Roccus saxatalis Walbaunz,  as  Revealed by a S t u d y  o f  the  
Scales. Maryland Dept. of Research and Education, Pub. No. 57, 
15 pp., 4 figs. 
V A N  O O S T E N ,  John, 1938. T h e  A g e ,  Growth,  Sexual  Maturi ty ,  and S e x  
Ratio o f  the  Common Whi te f i sh ,  Coregonus clupeaformus, o f  Lake  
Huron\. Papers of t h e  Mich. Acad. of Sci., A r t s  and Let ters ,  Vo l .  24. 
V L A D Y K O V ,  V .  D. and D. H.  Wal lace ,  1937. Migration in the  Striped Bass  
o f  t he  Chesapeake Bay.  Trans .  o f  t h e  Amer .  Fish. See., Vo l .  67, 
pp. 67-86. 
V - 4 N  O O S T E N ,  John, 1928. L i f e  His tory  of t he  Lake  Herr ing,  Lez~cic thys  
ar tedi  L e  Suezcr, of Lake  Hurow as  Revealed by I t s  Scales, w i t h  a 
Critique of the  Scale Method. Bull. o f  t h e  U .  S. Bur.  of Fisheries, 
V O ~ .  44, pp. 265-427. 
